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SPECIFICATION 



1 . Title of the Invention 

Thermal insulating material and method of making same 

2. Claims 

1 . Thermal insulating material comprising pliable base material with open 
cells former! therein, said open cells being filled with fine particulate material such that 
pliability is unaffected. 

2. Thermal insulating material according to claim 1 wherein at least some of 
said fine particulate material is ultrafine particulate material whose surfaces have 
undergone an anti -agglomeration treatment. 

3. Method for making thermal insulating material comprising pliable base 
material with open cells formed therein, said open cells being tilled with tine particulate 
material such that pliability is unaffected, said method [comprising the steps of] holding 
said base material in a vacuum while arranging fine particulate material around the 
perimeter of said base material; and suddenly releasing the vacuum to induce said fine 
particulate material to fill the open cells. 

3. Detailed Description of the Invention 
(Field of Industrial Utilization) 

The present invention relates to a thermal insulating material and a method for its 
production. 
(Prior Art) 

Thermal conductivities of conventional thermal insulating materials range from 
0.03 to 0.05 kcal/mhr°C, which is higher than the thermal conductivity of air (0.02 -0.024 
kcal/mhr°C). While thermal insulating materials having thermal conductivity as low as 
0.015 kca!/mhr°C, such as rigid expanded polyurethane, have been developed, [insulating 
performance] is dependent upon the low thermal conductivity (0.006 -0.01 kcal/mhr°C) of 
Freon gas trapped in the voids of the expanded polyurethane; with service for extended 
periods the Freon gas is gradually replaced with air, resulting in a deterioration in thermal 
insulating ability. In some cases, thermal conductivity can rise to about 0.021 - 
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0.024 kcal/mhr°C after about a year. 

Other [thermal insulating materials] include porous calcium silicate placed under 
a vacuum of about 0.1 torr, and ground expanded perlite placed under a vacuum of about 
0.1 torr; however, the need to keep these materials under a vacuum poses a disadvantage 
in terms of production costs and so on. The need to maintain a vacuum when the thermal 
insulating material is placed in service also places limitations as to configuration and 
application. 

Another thermal insulating material, one that even at normal pressure affords 
lower thermal conductivity than air, is a monolithic material consisting of microporous 
silica aerogel (see Examined Patent Publication 51-40088, Unexamined Patent 
Application 57-173689, Unexamined Patent Application 58-45154, and Unexamined 
Patent Application 60-33479). 
(Problems the Invention Is Intended to Solve) 

However, the above thermal insulating materials are configured as blocks or 
nanels. and since they lack pliability they cannot be installed in a non-planar arrangement 
such as a cylinder. This imposes limitations on potential utilization. 

With the foregoing in view, it is an object of the present invention to provide a 
thermal insulating material having satisfactory thermal insulating properties, and that is 
also pliable; and a method for production thereof. 
(Means for Solving the Problems) 

To solve this problem, the thermal insulating material pertaining to the invention 
recited in claim 1 comprises a pliable base material with open cells formed therein, the 
open cells being filled with fine particulate material such that the pliability of the material 
is unaffected. 

The thermal insulating material pertaining to the invention recited in claim 2 
additionally features using ultrafine particulate material whose surfaces have undergone 
an anti-agglomeration treatment as at least some of the fine particulate material. 

The production method pertaining to the invention recited in claim 3 features 
producing the thermal insulating material by a process involving holding the base 
material in a vacuum while arranging fine particulate material around the perimeter of the 
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base material; and suddenly releasing the vacuum to induce the fine particulate material 

to fill the open cells. 

(Operation) 

The thermal insulating materials of claims 1 and 2 contains open cells filled with 
fine particulate material such that tiny voids are present between the particles. The effect 
of air on thermal conductivity is therefore minimal, so that the thermal conductivity of the 
material is lower than that of still air, providing satisfactory thermal insulation. 

As the fine particulate material fills the material in such a way that its pliability is 
unaffected, it is not limited to flat installations, and can be fit to various installation 
configurations, thus greatly expanding the degree of freedom in terms of utilization. 

Where the size of the tiny voids between particles is kept to about 1 -60 nm, 
thermal conduction by air molecules in the spaces is controlled to the point that thermal 
insulating ability is further improved. In terms of creating void [size] within this range, 
the use of ultrafine particles having particle size of 1 -20 nm for at least a portion of the 
particulate material makes it a relatively simple matter to bring void [size] to within the 
specified range. 

Used as-procured, ultrafine particles tend to agglomerate into secondary or larger 
higher particles, causing them to behave like larger particles despite the extremely small 
primary particle size, and as a consequence making it difficult to achieve small voids. It 
is also more difficult to fill [the base material] using larger particle sizes. However the 
ultrafine particles taught in claim 2 are subjected to anti-agglomeration treatment, and 
therefore do not form agglomerations, allowing the small primary particle size to be fully 
utilized in order to ensure small void size, and making it easier to fill [the base material]. 

According to the production method recited in claim 3, [the base material] is filled 
with the fine particulate material by forcing the fine particulate material into the open 
cells by means of suddenly releasing the vacuum in order to introduce air. This method 
does not subject the base material matrix to unnecessary shock, and for all practical 
purposes requires no post-processing. Where, for example, fine particulate material is 
dispersed in a solvent and introduced into open cells together with the solvent, tedious 
post-processing will be required [to eliminate the solvent]. 
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(Examples) 

The following description of exemplary thermal insulating materials herein and 
production thereof makes reference to the accompanying drawings. 

The thermal insulating materials 1, V depicted respectively in Figs. 1 and 3 
consist of pliable base material 2,}2' whose open cells 4, 4' are filled with fine particulate 
material 5 such that the pliability of base material 2, 2' is unaffected. 

As shown in Fig. 2, base material 2 may consist of synthetic resin foam "sponge" 
(e.g. soft polyurethane foam) having a multitude of open cells 4 distributed throughout its 
matrix 3. A* shown in Fie. 4. the base material 2' may be fibrous, being composed, for 
example, of ceramic fiber (e.g. glass wool, ceramic wool etc.), organic fiber, metal fiber, 
or a fiber blend of any of these, and having a multitude of open cells 4' distributed 
throughout the fibers 3' that make up the matrix. 

The pliable, open cell base material does not readily rupture when deformed, and 
has low bulk density (prior to filling with particulate material), e.g. about 0.02 to 
0.05 g/cm 2 . The true density of urethane resin, for example, is 1 .21 g/cm 2 . Thickness of 
the material is several mm to several ten mm, or about several mm to several ten mm. 
However, thickness and bulk density are not limited to the above, and may be greater or 
smaller than the values given above. 

The open cells in the base material are open at the surface and extend deep into 
the material. Open cell pore size is not critical provided it can accommodate the 
particulate material; however if too large the particulate material packed therein will tend 
to escape, so pore size on the order to 1 0 m to 2 mm is preferred. To take the example of 
soft polyurethane foam, individual cells surrounded by the matrix have pore size of about 
0.3 -0.6 mm, and interconnect into the interior of the base material via connecting 
passages about 0.1 mm in size. 

The amount of particulate material packed [into the base material] is not critical; 
the amount is, for example, such that bulk density after filling is 1 .5 to 4 times bulk 
density before filling. 

Particulate materialVinclude dried colloidal sols, aero&ejs^polysilicic acid and the 
like. The particulate material may be subjected to an anti-agglomeration treatment. In 
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preferred practice^particulate material particle size (where subjected to anti- 
agglomeration treatment, particle size after treatment) is 1 -20 nm (more preferably 3 -8 
nm), designated herein as "ultrafine particulate material A." When using ultrafine 
particulate material A the material will preferably be subjected to anti-agglomeration 
treatment. 

Besides ultrafine particulate material A, fine particulate material having radiation 
inhibiting action (designated herein as "fine particulate material B") may be use as well. 
Fine particulate material B has larger primary particle size than ultrafine particulate 
material A, about 5 nm -10000 nm, and greater heat emissivity, preferably heat emissivity 
of 0.8 or greater in the infrared region above the 3 m wavelength. 

Ultrafine particulate material A and fine particulate material B may be used 
together. In this case ultrafine particulate material A will preferably consist of particles 
some or all of whose surfaces have been subjected to anti-agglomeration treatment. It is 
preferable to use particulate materials A and 15 concomitantly, since less of ultrafine 
particulate material A (which is relatively expensive) can be used, with [inter-particle] 
void size being governed by ultrafine particulate material A. 

Specific exemplary materials for tine particulate materiaTB are pulverized oerlite 
or Shirasu balloons [Tr. note: volcanic glass microspheres]; lamellar inorganic 
compounds such as soot, cordierite, clay etc.; and fine powdered diatomaceous *~ h 
calcium silicate, carbon black, SiC, Ti0 2 , ZrO, Crt) 2 , Fe 3 0 4 , CuS, CuO, Mn0 2 ,<$i 0 2 , 
A1 2 0 3 , CoO, Li 2 0, CaO etc. 

The anti-agglomeration treatment may consist of bonding the silanol group OH to 
particle surfaces to prevent hydrogen bonding, or making particles repel each other so as 
to directly prevent particle agglomeration; specific treatment agents include, but are not 
limited to, organosilane compounds, trimethylmethoxysilane, dimethyldiethoxysilane, 
methyltrimethoxysilane and other such alkoxy silane compounds; dimethyldichlorosilane, 
trimethylchlorosilane, triphenylchlorosilane, methyltrichlorosilane, ethyltrichlorosilane 
and other chlorosilane compounds; hexamethyldisilazine, dimethyltrimethylamine and 
other silazine compounds etc. 

The description now turns to the production method recited in claim 3. 
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Referring to Fig. 5, a material receptacle 1 1 in which have been placed the base 
material 2 (2') -which at this point has not yet been filled with particulate material- and 
a particulate material 5 is arranged in a pressure-resistant chamber 10. Valve 7 is opened 
to gradually evacuate [the chamber], creating a vacuum environment. Next, for example, 
valve 9 is opened to suddenly release the vacuum (release pressure). The sudden entry of 
air forces the particulate material into the open cells of the base material 2 (2 f ), filling 
them, to complete production of the thermal insulating material. The amount can be 
increased by repeating the vacuum/release cycle. 

To avoid spillage of the particulate material filling the surfaces [of the base 
material] may be covered with sheet material after the filling process. In preferred 
practice, the cover material will consist of porous paper or air permeable film. This is 
because hermetic sealing will adversely affect pliability. 

Even where the amount [particulate materiall filling [the basematerial] is 
relatively small, by compressing [the material], pressing it against the article to be 
insulated using a separate panel material or the like, or taking other measures to 
consolidateiihe filling] and reduce the size of the inter-particle voids (preferably to 1 -60 
nm), satisfactory [performance] can be achieved. 

Specific Comparisons and Examples are now described. The production process 
depicted in Fig. 3 was employed in production. 

Example 1 

The base material was glass wool (24 kg/m 2 ) and the ultrafine particulate material 
was ultrafine silica (AEROGEL 380 ex Aerogel Japan, mean particle size 7 nm). These 
materials, in a ratio by volume of 1 : 5, were placed in a material receptacle 1 1, so that the 
base material was completely enveloped by the ultrafine silica. The pressure-resistant 
chamber 10 was brought down to 1 mmHg, and then rapidly released, repeating this 
procedure [a total of] 5 times to give a thermal insulating material filled with the 
particulate material. 

Example 2 

Thermal insulating material was prepared as in Example 1 , except for using a 3: 1 
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(weight ratio) blend of ultrafine silica (AEROGEL 380 ex Aerogel Japan, mean particle 
size 7 nm) and rutile Ti0 2 powder (FR-41 ex Furukawa Kogyo) as the particulate 
material. 

Example 3 

Thermal insulating material was prepared as in Example 1 , except for using soft 
polyurethane foam as the base material. 

Example 4 

Thermal insulating material was prepared as in Example 1, except for ultrafine 
silica surface-treated with a silane compound (custom product from Tokuyama Soda, 
mean particle size 8 nm) as the particulate material. 

Example 5 

Thermal insulating material was prepared as in Example 1, except for using a 3: 1 
(weight ratio) blend of ultrafine silica surface-treated with a silane compound (custom 
product from Tokuyama Soda, mean particle size 8 nm) and rutile Ti0 2 powder (FR-41 
ex Furukawa Kogyo) as the particulate material. 

Example 6 

Thermal insulating material was prepared as in Example 1 , except for ultrafine 
silica surface-treated with a silane compound (custom product from Tokuyama Soda, 
mean particle size 7 nm) as the particulate material. 

Example 7 

Thermal insulating material was prepared as in Example 1, except for ultrafine 
silica surface-treated with a silane compound (custom product from Tokuyama Soda, 
mean particle size 7 nm) as the particulate material, and using the same soft polyurethane 
foam as in Example 3 as the base material. 
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Example 8 

Thermal insulating material was prepared as in Example 1 , conducting the 
vacuum/release cycle only once. 

The thermal insulating materials of Examples 1 to 8 were tested to determine 
thermal conductivity and bulk density. Bulk density is given both as prior to filling (bulk 
density 1) and after filling (bulk density 2); also given is bulk density under loading at 
pressure of 100 g/cm 2 during thermal conductivity testing (bulk density 3). Bulk density 
is weight/volume. Weight was measured with an electronic balance, volume with 
calipers. Thermal conductivity measurements were made using a thermal conductivity 
measuring device from Eko Instruments Trading Co. Ltd., in accordance with the method 
of ASTM C-5 1 8. Results are given in Table 1 . For Comparisons 1 and 2, base material 
containing no particulate material was used. Results are given in Table 1 . 



Table 1 





Base material 


Particulate 
material 


Filling 
cycles 


Bulk 
density 1 


Bulk 
density 2 


Bulk 
density 3 


Conduc- 
tivity 


Ex. 1 


glass wool 


ultrafine 


5 


0.024 


0.038 


0.20 


0.018 


Ex.2 


glass wool 


ultrafme + fine 


5 


0.024 


0.042 


0.22 


0.019 


Ex.3 


urethane foam 


ultrafine 


5 


0.020 


0.043 


0.18 


0.021 


Ex.4 


glass wool 


ultrafme* 


5 


0.024 


0.043 


0.22 


0.016 


Ex.5 


glass wool 


ultrafine* + fine 


5 


0.024 


0.052 


0.25 


0.017 


Ex.6 


glass wool 


ultrafine* 


5 


0.024 


0.048 


0.24 


0.015 


Ex.7 


urethane foam 


ultrafine* 


5 


0.020 


0.053 


0.20 


0.019 


Ex.8 


glass wool 


ultrafine* 


1 


0.024 


0.042 


0.21 


0.019 


Cmp. 
1 


glass woo! 






0.024 




0.21 


0.026 


Cmp. 
2 


urethane foam 






0.020 




0.12 


0.029 



Note) Ultrafine particulates denoted "*" subjected to anti-agglomeration treatment 



Unit for bulk density is g/cm 2 Unit for thermal conductivity is kcal/mhr°C 

As will be apparent from Table 1, the thermal insulating materials of Examples 1 
to 8 had lower thermal conductivity than those of Comparisons 1 and 2, and in eachxase 
lower .thermal conductivity than still air, thus providing outstanding thermal insulation. 
The materials were also found to be sutticiently pliable. 
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(Effects of the Invention) 

The thermal insulating materials recited in claims 1 and 2 comprise a pliable base 
material whose open cells are filled with fine particulate material such that pliability is 
unaffected, thereby affording excellent thermal insulation while retaining pliability of the 
material. 

The thermal insulating material recited in claim 2 additionally uses ultrafine (1 - 
20 nm) particulate material whose surfaces have undergone an anti-agglomeration 
treatment as at least a portion of the fine particulate material, allowing the small primary 
particle size to be fully utilized in order to ensure small void size, and making it easier to 
fill [the base material]. 

The production method pertaining to the invention recited in claim 3 affords 
simple manufacture of the thermal insulating material, does not subject the base material 
matrix to unnecessary shock, and for all practical purposes requires no post-processing. 

4. Brief Description of the Drawings 

Fig. 1 and Fig. 3 are sectional views depicting embodiments of the thermal 
insulating material of the invention; Fig. 2 and Fig. 4 are sectional views depicting base 
materials for the thermal insulating material of the invention; and Fig. 5 is an illustrative 
diagram showing the schema for filling the base material with particulate material in an 
exemplary production process for the thermal insulating material of the invention. 

1, T -thermal insulating material; 2, 2' -base material, 4, 4' -open cells, 5 — 
particulate material 

Agent: MATSUMOTO Takehiko, Patent Attorney 
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Fig. 1 Fig. 3 




Fig. 5 
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Procedural Amendment (voluntary) 

August 20, 1988 
To the Patent Office Commissioner 

1. Designation of Case 

Patent Application (13) filed July 26, 1988 

2. Title of the Invention 

Thermal insulating material and method of making same 

3. Amendant 

Relationship to case Applicant 

4. Agent 

MATSUMOTO Takehiko, Patent Attorney 

5. Number of additional claims resulting from amendment 

none 

6. Object of amendment 

as per addendum 

7. Description of amendment 

as per addendum 

6. Object of amendment 

Specification 

7. Description of amendment 

(1) On page 8, line 1 8 to page 9 line 3, strike "It is preferable ... ultrafine particulate 
material A." 

(2) On page 11, line 1, " This is because hermetic sealing will adversely affect pliability." 
"This is because hermetic sealing will not only adversely affect pliability, but the 
expansion of internal air due to the increase in temperature may damage the thermal 
insulating material." 

(3) On page 11, line 6, "... satisfactory [performance] can be achieved." is amended to 
". .. satisfactory [performance] can be achieved. 6 denotes an evacuation device and 8 
denotes a filter." 
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